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(54)TlUe: PROCESS CHAMBER WITH INNER SUPPORT 



(57) Abstract 



An improved chemical va- 
por deposition reaction chamber 
having an internal support plate 
(40) to enable reduced pressure 
processing. The chamber has a 
vertical-lateral lenticular cross sec- 
tion with a wide horizontal di- 
mension and a shorter vertical di- 
mension between bi-convex upper 
and lower walls (12, 14). A cen- 
tral horizontal s^)poit plate (40) 
is provided between two lateral 
side rafls (16, 18) of the cham- 
ber. A large rounded rectangu- 




lar aperture is formed in the sup- 
port plate for positioning a rotat- . 
able susccptor on which a wafer is 1 

placed. The shaft of the suscep- 1 

tor extends downward through the 

aperture and through a lower tube I I I 

depending from the chamber. The 
support plate segregates die reac- 
tion chamber into an upper region and a lower region (66, 68). with purge gas being introduced through the lower tube into the lower 
region to prevent unwanted deposition therein. A temperature compensation ring is provided surrounding the susccptor and supported by 
fingers connected to the support plate. The temperature compensation ring may be circular or may be built out to conform to the rounded 
rectangular shape of the support plate aperture. The ring may extend farther downstream from the susccptor dian upstream. A separate 
sacrificial quartz plate may be provided between die circular temperature compensation ring and die rounded rectangular aperture. The 
quartz plate may have a horizontal portion and a vertical lip in close abutment with the aperture to prevent devitrification of the support 
plate. A gas injector abuts an inlet flange of die chamber and injects process gas into the upper region and purge gas into the lower region. 
The gas injector includes a plurality of independentiy controlled channels disposed laterally across the chamber, the channels mergmg at 
an outiet of the injector to allow mixing of the adjacent longimdinal edges of the separate flows well before reaching die wafer. 



Codes used to identify 
applicatois under flie PCT. 



FOR THE PVBPOSES OF INFOltMATtON ONLY 

States party to .!« per on the ftont pages of pmpUets publisUng i«^ 



AM 
AT 
AU 
B6 
BE 
BF 
BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

a 

CM 
CN 

cs 
cz 

DE 
DK 

EE 
ES 

n 

FR 
GA 



AnneoU 

Austria 

Anstnlia 

Baifaados 

Bdgiom 

Burkina Paso 

Bvlgaxia 

Benin 

Bncdl 

Belanu 



Central African Republic 

Congo 

Switzedand 

C6te d'lvoiie 

Cameroon 

C2ectoalovakia 

Czech Repid>lic 

Oenuany 

Denxnaifc 

Estonia 

Spain 

Finland 

France 

Gabon 



GB 


United Kingdom 


GE 


Oeoigia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


tn^bnd 


rr 


Italy 


JP 


Iipan 


K£ 


Kenya 


KG 


Kyrgy«an 


KP 


Democratic Peopte'8 Republic 




of Korea 


KR 


KepubUc of Korea 


KZ 


Kaaaldisian 


U 


Uechtenstdn 


LK 


SriLanIa 


LR 


Liberia 


LT 


Lithuania 


UJ 


UixembouTg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of MoUova 


M6 


Madagascar 


ML 


Mafi 


MN 


Mongolia 


MR 


Mauritama 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Neifaexiands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


TDgO 


TJ 


T^ikistan 


TT 


Trinidad and Tobago 


UA 


Uknine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



10 



15 



PCT/US9dn2641 

WO97/0fi288 

PROCESS CHAMBER WITH INNER SUPPORT 

paM n f ^hn Invantion 

temperature unHormHy and gas flow characteristics. 

characteristics. ^^^^^ ^„ than the 

For annlications in which the pressure mthin a quartz chamoer IS I 

will collapse inwardly with reduced interior pressure sooner than wiU 
35 thickened peripheral flanfle that radially confines the upper wall to cause 
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^ . »n,hiont nressure in vaeuum applications. The chamber requires a 

•niMo narticulatBs tan cause senous problems wrai me puniy ui u o 

has been a HrgB ^^^^^^ accumubtes to a 

There has aiso ih». " 5 221,558 discloses a system in which 

of reactant and carrier oases across the wafer. »k. n™, .rt is that of recirculation of the 

wafer to ensun more uniform deposition thereon. Also, a more wsh 
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ginmr^^f ^ ^ InvBntion 

25 »ttotth.stiMSM*oawaJl!li«i*ira- , ^ .„ ^i, ,. -mmtoI reduced p»i»«« »">"«*'>■ 
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*. ^ ^^-™'; f IT. !I 

dBvitrification of the downstream edg> of the inlet waH. A temperature 
thR uanor dcDoat bn on and the OBViiniicaiiDn ui iw u 

• — ■-rrr::rr::rz:zrrr: 

short, horizontally extending flange on the upper edge of the vertical Bp. wrth tne 
j5 inasiiniunn ^„ „# th« intet waH and chamber, def ines the opening in which 
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an mner genBrauy .^,„*„„ lomardW from the hollow portion, and a generally flat. 

generaDy flat, nontubular leading edge portion extending forwardly irom 



aperture in an inner chamber support plate. 



atong fine 3-3 of Figure 1. 
30 Figure 4 Is a top plan «ew of the chamber. 

Hgure 5 is a view of the Inlet end of the chamber. 
Figure 6 is a view of the outlet end of the chamber. 

35 system. 
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R9„« 9 is a plan view of an alternative ring ««ro»m!in9 a susceptor and whtrin «. aperture of an inner 
chamber support plate. 

Rgura 10 is a plan view of a sacrificial plate positioned within an apeiture in a chambei support plate. 

Fflure 11 is a cross-sectional view illustrating a processing system emnronment used in conjunction with 
5 a second embodiment of the process chamber of the present imnmtion. 

Figure lla is a cross-sectional view of the process chamber of Ftgura 11: 

Figure 12 is en exploded perspective view of the second embodiment of the process chamber mcorporating 
an enlarged temperature compensation ring and a sacrificial quarti pfaite. 

Figure 12a is a cross-sectional view of the temperature compensation rings. 
0 Figure 13 is a top plan view of the sacrificial quarti plate shown in Fmure 1Z 

Figure 14 is a cross-sectinnal vbw throogh the sacrificial quartz plate of Figure 13. 

Figure 15 is a perspectnre view of an alternative sacrificial quartz plate for use m the chamber of the 

present invention. 

Figure 16 is a top plan view of the sacrificial quartz plate of Figure 15. 
15 Figure 17 is a cross-sectional view taken through the sacrificial quarti plate of Figure 16. 

Figure 18. is a top plan vim* taken ekmg line 18-18 of Figure 11. showing the sacrificial quertt plate of 
Figure 13 mstaBed in the chamber of the present invention. 

Hgure 18b is a top phn view showmg tiie sacrificial quartz plate of Figure 15 installed. 

Fflure 18c is a top plan view showmg a pair of discrete sacrificial quarti plates at upstream comers of 

20 the chamber support plate aperture. - c- .„ in. 

Figure 19 is a side elevational view of one of the discrete sacrificial quartz plates shown m Figure 18c 
Figure 20 is a bottom plan view of the discrete sacrificial quarti phite of Figure 19. 
F^ure 21 is e verticel aoss^sectional view of a gas injector having multiple tumn. ports for use in ti» 

chamber of the present invention. 
25 Figure 21a is a detailed cross-sectional vtew of a portion of the gas mjector showing process ges flow 

chambers. 

Figure 22 is a rear etevational view of the gas injector of Figure 21 shown detached from the processmg 
chamber and ilhistrating internal gas flow channels. , 
Figure 23 is a front elevational view of a rear flange half of the gas injector taken along line 23-23 of 

'^Figure 24 is a horizontal cross-section of tiie gas injector taken akmg line 24-24 of Figure 21 showing a 
region in which processed ges is expandet ,r 

Figure 25 b a vertical cross.s««ional view tiirough the rear flange half taken ahmg line 25-25 of Fqure 

21 showing mtemal fluM coolmg channels. 
35 Figure 26 is an «d.rged cross-sectional view of a needle vehre used in the gas injector of the present 



invention. 
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ljnliruliirPfffiW>q<mtet ,0 ^„ chemical vapor processing 
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» i.»AH,i.r <haiiB has oDDOsed hiconwei surfaces which may have 
circular curvatures. The chamber has an uppw ^ The walls 12 and 14 are 

z::r:n-t:r- 

extends between the short s«le 16 a d Mr fl ^^^^ ^^^^^^^ ^ ^^^^ 

• rr--jr.":r-.r.r: .— - 



of about 21 mm 

jpnor PhamhPr SUDDOTt 
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•%.«ARh ThBintet section 46a extends from the Mot 

the wafer ptocessinB is done n the upper reown oo y. 
the process zone. 

§,inffnrtP|?t?qpW! nfl 3^,^ i„ Rg„„ 8. and a temperature 

• _:sz=:.--r-» 
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,^ .tL,. ,,i,,«fcirik»tb*ii.ri«wa-.«»ii»c«>t..i!«««i='««- 

oowirtmommnHttlieitoiiBlB,'"""'™™"' i„,„, »,~r,!v 

-i-mantiififlhfSM have shown that a rounded rectangular Bpenure**^ lb jii" 

rT:rrr::n-r;r-r-.=r. 

ARh That is the gas flow heats up as it passes over ine suscepiui . _j ♦„ 

wmcnissuirouno . , i. noeninn 44 oDStream of the wafer. This mmimBes the anwunt 

theBniountofreaction9aseswhichpa«thro«ghtheopenmg44upstn«n , . . . 

of reaction ga, which can -eposi. the «»ceptor in the tower por«on 68 of the cha^her 10. 

35 As seen fremFijure 8, the temperature compensation rmg 72 Bsupp .^„„„ , 

e.me„tsha.novert.a.e«e„d.,P-nionsh^we«e-tothe3upportptotesect.ns. More speC^aB. a front 
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i, H^™ MS ... as 2.7. =.™»n.«i.n ™„2 is «.P"»* i" • ««« P«» « P-s 
t, „s„««™ p«. «». sb^n. i» «. «» •»< «2. n. pin. « d«.ri««.l™. "P^-f— 

™h, .ml «p.«.» t. f"'" •«» ••'«• l»t ft" "» l» ■«il«='' 

» s^r 84 b sl».» «6 »*• 

,™„.b.sb.ft 80 *..«»-s,h™,h...b. 92 -*-N,fr».l» ■'•-^^ 

30 P"*S1, . U.S. p™« «.. M2im .« is "P** 

«mt« p.M«. itawh *• »™»™^ ^ , ... . „ 

m «^ «^ ,2 i. ^ ^ 2 
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i;:!. ^ dep.*. » .H. - ^ — 

. nf thp wafer The orocMS QBS tiBB reaches an approxBiatelif Steady State 

and subsequently, the badmg aige of the water, me process h« • 

in described below with reference to modiftBd rmgs. 

Miler (appradmBBli 200 liamMinl t»e upiei inl Iwm »i* 12, » w 
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J,™«»^ 2» - 30C ~ 

mtiiHiMd •tm. •*° " ., „ ,.1 u ibitai, silt ml an 

lessaomnwnn» .a «.n. 12 and U becomes more pronounced and the heal 
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_„ ^ ^ CO nf thP reaction chamber 10 from each other. In tMs 

artatantiaOy seab the upper portion 66 and tower portion 68 of the reaction cnamo 

««inn Rfi cannot travel through gaps formed between the nng 72 and the 
mamier, reaction gas in the upper portion 66 cannot travel inrouy » v 

aperture 42. possiblv disrupting the unifonn flow over the wafer. 

,„ a stiD further embodonent shown in Rgure 10. a sacrificial quartz plate 124 is provided surroundmg the 
c-^ular rhiB 72. The sacrificial plate 1 24 has an mner diameter which dos^^^ 

the ring 72. and an outer shape which conf omis with and des^ablr ab„U ag«nst the rounded octangular aperture 
4. ,n this manner, the edges of the aperture 42 are prMected from devitrif«a«.n from repeMed heatmg of the 
taction Chamber 10. enab^ the sac« p^e 124 to be rep^ced when . dev^»s f.m «,ea e^ ea 
cycb^. whae preserving the more expensive and pennanently mo^^^ 
Lapedtoc,oselyfitwHhintheaperture42wHh,m.-.umofc,eara«cetherebetweeO^^^ 

..erlces enab«ng the p.te to f« wHh. t^ apert^e. a contact fH . not poss^ The p.t. 124 « p^b. 
.pportod by modHied fingers ea, 8Z « by separate support events (not Shown, attach^ ^ 

40. 

P,«rp« nhamber ^Tm'''* ^ncedure _ 

.B - '8. ^•™» — *• ■^/^^ tZ2 

.1 ,.™«^ - «. 10 » «-««-^ - 7 * 
^^«^.,™-»™*»«.— « 
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h mmm tone ttiw™" O"*^ *^ 

a downwanHy dependino ^ '""^ * 
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5 »aTOdhU.S.IW«o.433U3».w«i.l««IW«P"*l~l»«<^l»'*"'* 
m. -» .rf h»» b.rts .i ,46. «B .™ In «^ 

■ ' H,.»««mlMan4tl»ll««l«trfW8fB,44. talMltal^lwt'l'^ 

iTOises Hit nltot«li»iy«n*«"«^ . ,„ 

,62 «» p.»« — « 130. m. "«»« ,« «.w i, b, *. «.™ ,64 » Km 1'=. » 

2, z^i to J- ^ - r,» 

• . 1™. «*« ,72 to ,r«B. *»b» ,30 t»r».b a me U« .p«t». ,74. lb. 1" «« "« 

rrz:jr,72U..«s.— ------ ■----•'^^ 

25 »i«lb™,bap»l.o«lB,.|»ra«,7R8.brfl»t«l««bto«™«17l. 

,6, to ^ m> .« «.» • 

,» ,^ a- » « — '« •■ ™77„"rrri^ 

« M iflR k MtftchBd to a sultBbto source of vacuum. The plenuro chamber 182 is detmeo 
IBB The exhaust manifold IBB is attacneo xo a suubhw • ~ 

aaak b.t««n to llaaia rmotot aiH to pfacM rtanto ,30. 

P " ,„ ^ ,2 mm« to to«i«l «>»"«»• "» 

35 .™..*,to»»P.-l3^™*.'»*'^'""»^'«^"**''^'^TT 
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WfonnedintheaipportplateiKotTnB ,H,Fmuie11a the modified temperature compensation 

- i,*.!-!? inonBoarticularembodimBnt.asmd«catBdmFiBi«eiia.inBniuiiu. 
support plate 132. In one panicuiare , or ,„d ,„ uoner planar member 198. The upper 

of the susceptor 134. . ^55 g„j upstream 

,35. .H. 132. 1 .P«™ « 2» . .^a 
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gap 206 IS maoe sngmiy » 204 Is about 4 maOroeters. while the 

by the ring 155 at that location. In one embodiment, the upstream gap Zi» is ao 

downstream gap 206 Is about 5 millimeters. 

132. Thetmgers^i 2iju |g centrally disposed across the lateral width of the 

.^.^-^.-o""-*-' '1* 2,.. ™ 

30 Oi.«pMur.133. •Ihtv.rwlWi««n ,,, TO, i, ™» bw in filin lla. Tte 

* 2,4 th,« c»H« . ill. Ito l~ •*•••*• """"I*" ''^ *' *• r^";,^ ' ,33 
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(1 miHimBteT). . ^ aentinal to the 

242 formed at an upper edge of the vertical up ^ 214 

250b ^ N P-™- " -"-^ ~ 282 « - ^ 

- — " ^ •» - r^t nt »»» ^ «■ — 

30 „.».133. '»*"'''"-''*"""33"':^^.HI,^.*,,.2««»,n«««*.^ 

„ ,1,, mn«. .f ». .|«™« 133. Tl. *»<-» » « *,,„,, 

^. ,33 — - - ^ U - 

36 ™«.c™Ms««.«."2«W««I-'«^"«'"- 
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plate 13Z 

1 1» — « -r" " 

>c The oas iniector 156 is formed from a front flange nan ao miu 

_ ,79 iciniiTe 2S» in its rear face surroundmg the entry slot ZB4 
the rear flange lialf 268 includes a continuous gronve 272 IRgure Z6| m ns rear 
the rear flange i,a ,7. ^ ,h3„ber O-ring 270 abuts the flat front face of the p^^^^^^ 

which receives the chamber 0-rmg 270. The cnamoer u nn» „«,Ectwelv An 
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T ».2»B«26I .rt*.mbsn»s2«4h.«li«™«<ifl"fl"«™«»*«"'^ 

^^^^ 

. ♦h.«nh«!r6w 284 and needle 304 within the cartndge 280 

A thtd oii«) 3ie b luBiioiiri rc»» ""^ " ™ " 

3S |»,.292ttpr»»tp..M»l" ««*« "••"> *• 



10 



15 



PCTAJS96/12641 

WO 97/06288 .22. 

^ -rf iurt short of the plane dBfined by the front faee of the fear 
Rbum21 ThaGp 326 pro ects forward and stops just snonoT me h«i . ^ . 

In 326 continues itJi»ardfi«mthB»»»*«llM3».'w™" . b_™ !i «m1 i. 

^n. 328. T.„™H ».«. 32. .»««. ^ """"^ ^ " 

M2 hv the flow dividers 324, and within each of the recesses 330 by the wans MZ. ine m 

3ZZ Dy tne now oiviwn» , continues downward 

of the oate valve oreviousW mentioned to prevem now »• «« "hh 

of the gate P » ^^^^^^ ^^^^ 3„rt tone for the 

35 the wafer. 



PCTAJS96/12641 

WO 97/06288 .23- 

*''-=»'":t*r::Trj:ri,..N.3.«p™*-.--- 

35 280 and the flow rate would be predictabte from those values, 
the adjustabdity of the needle vahes greatly speeds processing- 
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distinct houndariBS between the flows. h.,.^ 
potato .h= .» ^'X^^" *" *~ 

the flow on one lateral ade of the chamber. .;„,.„i„ tm. 

. -«,!n«rtPiw 16 shL This 98$ flow is reduced by approxmately 20% 
A tvpinal total process gas flow BapproMinatelv IB sm. itosw 

w u ^«h.«>mpiieiaht This b due to the lenticular shape of the 
over the gas flow in rectangular process chambers of the same heght 

rhinriiifi are used to dean out the channels. The typical purge gas 
K The nresent mvent on as shown m Hgure ii muoum** ■ 

,5 The presem m . ^. ^ . ,„™,,riti«n of the gas flow. Furthermore, the temperature 

goal of ahering the temperature, velochy. dmt-n. ami composrtion of the ga 
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a reduced size mner support plate 384. Tl.atB.io h 

rrr.r:"rri=:r: 

One general embodmient ot tne aownsueai adiacent and 

. • . 4i-t nifltP 390 havina a curvamear front edge 39z aoiacem anu 
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*.™fn« the waDs of the reaction chantos heat up slowly and to a labtwely tow 

:rr:iwaOs«„thu,.«p-^.ate.oah,h«.pe.^^^ 

.K o« oHnP nf the wafer resuHmj in a more uniform chemical wapoi deposition. 
310, ine giBpn h ^ 3^,^, 40b. 

33. »4 m «w. ti" ii™"-" *" *" 

b, .!»*»». W« -« 406 *„, «. ^ «l 40. 

™p„a •»«^*"''7^';;nZrCL..^4,.-pp«-M*^ 

UK, 4011 A »™.«.™ 
^ 420 *w. «» W""!*""- 4« '•™"* *• " 

420 b= « ^ ■• . ^ «^ 

dronsttwrn ito. 422 b prtmilr »M»«d of liai*M » »l" M a 
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,ior ThP nlate 422 may also be quartz which wB not 
wdtii entente *«ni*t»* ■"«*'""*• ^ ■ o™ ii jlniie with Ite asmosttil 

d« 464 is nelenbl, biMelle* »«1 mmmi i™. «*" »" 
overall gas velodty over the wafer. More specrflcaBy. the gas miec 
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"nje top wau "WO ui I • » J u„ A- minetar 444 without stanificance 

« Afifl This configuration channeb the gas flow flanerated by the mjaetof 444 wnnoin .g 

scopa of the invention is imended to b. defined by the cla-ns that fo«««. 
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10 



. 4 nf said waDs when the chamber b subpcted to an 

deformation of said rails and ffattemng deformatmn of »«d wans 



15 <■ 



25 an intet gas flow alot q>an to the upper region. ^ , 

9 The chamber of Claim 8. including an outlet flange secured over 
chancer and ha«ng an exhaust gas flow slot open to said upper region 

. u norm ft wherein said in et flange includes a seconu mwi ya 

lower region for exhausting said purge gas. 
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n .,„tinfll said Width dhimnsion to said height diiramsion 8 approxm^ 
19 The chamber of Claiml, wnerem saw *tti»M" .^^^^i„„ 

35 are made of Btaphite with a silicon caihidecoatino. 
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10 intenor space of said chamber u,to an upper and a lower «B»n^ ^^^^ ^ ^^^^^^ ^^^^ 

29 The chamber of Claim 28, wherein sad plate B attecneo 

15 upper and lower walls and one attached to sari plate, each 0 

open to said lower region, wherein the lower leg 
30 a »,.»Aaust slot open to said tower region. 

35 

the steps of: 
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^eivB a suscepto, for ^.pportmg a «^ond»ctor wafer. ^^^^ ^^.^ 

. .-AhinttarBsoectivB elements comprising said chamber. 



quartz. 



A system for processing semiconductors, comprising: * 
45. A sysiem toi i>i ^.^^ardiv convex walls and an mtemal central 

•.rrr::::":-- 

30 susceptor; »«iti„„Bd above and below said chamber for heating said 

a pluralitv of radiant heatino lamps positioned above 

susceptor; 

anas inlet into said chamber above said pUrte: and 

a gas mm . ^ . - niate- and located on the opposite side of said 

a gas outlet from said chamber above said plate, ano »cb 

35 susceptor from said inlet. 

46. The system of Claim 45. compriiinn: 
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'A «i«ta anri Mtendino banealh said opening; and 
B Mparat. ring «zBd to fit within said openmg and saed to rece«e and 
said riim baino supported by said fingers. 

»,d nng Da D ^ ^^^^^^^^ „„„^j 

. «Wt« l«»l«>* 
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BS. The apparatus of Claim 54, induding radiant heating lamps exterior of said chamber and axteraTing 
above said plate, with a plate end that extends toward the gas outlet terminat'mg at about the same downstream 
position as the bmps. 

57. An apparatus for use to a chemical vapor deposition chamber comprishg a temperature 
compensation ring having an interior edge defining a genaraDy circular opening for recehring a susceptor adapted to 
support a semiconductor wafer, said ring having a generaBy rectangular exterior edge with rounded exterior comws 
to fit within a similariy sized opennig in the chamber. 

58. The apparatus of Claim 57, wherein said ring has a leading edge and a traiBng edge and a pair 
of exterior sMe edges, the shortest distonce between the leading exterior edge and the interior edge is less than the 
shortest distance between the trailing edge and the interior edge. 

59. The apparatus of Claim 57. wherein said ring is made of graphite. 

60. The apparatus of Claim 57, including a generafly circular susceptor positioned within said ring. 

61. The apparatus of Claim 57, whwein said ring has an inner, generally annular hollow portion 
adopted to receive one or more temperature sensors. 

61 The apparatus of Claim 61, wherein said chamber has a gas inlet on an upstream end and a gas 
outtet on a downstream end, and said ring has a non-holtow, generally flat leeding edge portion extending upstream 
from said hollow portion and a non-hollow, gemirally flat traing edge portion extending downstream from the hoHow 
portion. 

63. An apparatus for use in a chemical vapor deposition chamber, comprising a heat-absorbing ring 
having an mterior edge defining a generally circular opening for recehring a susceptor, said ring having an inner, 
generally annular hollow portion adapted to receive one or mora temperature sensore, said chamber having a gas inlet 
on an upstream end and a gas outlet on a downstream end, said ring having a non-hoDow, generelly flat hadmg edge 
portion extending upstream from said hollow portion and a non-hollow, generally flat trailing edge portion extending 
downstream from the hollow portion. 

B4. The apparatus of Clabn 63, wherein said ring has reunded exterior corners. 

65. An apparatus for use in a chentfcal vapor deposftion chamber, comprising a heat-absorbing ring 
having an interior edge defining a generally circular opening for receiving a susceptor, said ring having an hmer, 
generelly amiular hoOow portion adapted to recehre one or more temperature sensore and having a generally 

rectangular outer edge. 

66. An apparatus for chemical vapor deposition, comprising: 

waBs defimng a deposition chamber having a chamber gas inlet on an upstream end and a gas 

outlet on a downstream end; 

a generally horizontal quaru inlet waD extending from said inlet to a downstream edge defining 

part of an opening for receivmg a susceptor; 

a generally circular susceptor horizontally positioned in said opening for receiving a semiconductor 
substrate for vapor deposition purposes; and 
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a sacrificial quartz pbte having a horizontal portion and a vertical lip extending into said opening 
closely adjacent to said inlet waB downstream edge to minimize vapor deposition on and devitrification of 
said downstream edge. 

67. The apparatus of Claim 66, wherein the horizontal portion of the quartz plate rests on said 
5 horizontal waO. 

68. The apparatus of Claim 66, wherein a portion of said opening defined by said downstream edge 
is curved and said vertical lip is sandarly curved and szed to protect one portion of said downstream edge, and 
wherein a ^cond sacrificial quartz plate is provided which is a mirror image of said fn^st sacrificial quartz plate to 
protect a second portion of said downstream edge. 

10 69. The apparatus of Claim 66, wherein said sacrificial plate is supported beneath the inlet wall and 

its vertical lip extends upwardly adjacent the downstream edge of said inlet waB. 

70. The apparatus of Claim 66, wherein the horizontal portion of said sacrificial plate is in the form 
of a tray that extends beneath the susceptor and has a central hole for receding a ^aft rotatabiy supporting the 
susceptor. 

15 71 . The apparatus of Claim 66, mchiding a temperature compensation ring in said opening surrounding 

the susceptor with a slight gsp between the exterior of the ring and the downstream edge of the inlet wafl forming 

said opening, said sacrificial plate vertical lip extending into said gap. 

7Z The apparatus of Claim 71, wherein said inlet wall downstream edge includes a generally straight 

central portion with concave curved edge portions, said ring has a generelly rectangular exterior edge with an 
20 upstream portion that conforms to the shape of said inlet wall downstream edge, said sacrificial plate vertical lip 

being formed to conform to the shspe of said downstream edge of the inlet wall and the upstream edge of said ring. 

73. The apparatus of Claim 71, wherein sahl sacrificial plate is positioned beneath said ring with its 
vertical lip extending upwerdly into the gap between the ring and the downstream edge of the inlet wall, and the 
sacrificial plate further including e horizontal flange extending from the upper edge of the vertical waB and upstream 

25 over a portion of said inlet wall. 

74. The apparatus of Claim 71, including a generally horizontal quartz outlet wall extending 
downstream from said temperature compensation ring towards said gas outiet, and an upstream end of the trey is 
supported beneath the downstream edge of said inlet wall, and a downstream edge of said tray is supported beneath 
said outlet wall. , 

30 75. An apparatus for chemical vapor deposition, comprising: 

walls defining a deposition chamber having a chamber gas inlet on an upstream end and a gas 
outiet on a dovimstream end; 

a generally horizontal quartz inlet waD extending from said inlet to a downstream edge defining 
part of an opening for recehring a susceptor; 
35 a generally horizontal quartz outlet wall extendmg from said outiet to an upstream edge defining 

part of said opemng for receiving the susceptor; 
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a geimrally circular susceptar horizontaDy positioned in said opening for receiving a semiconductor 
substrate for vapor deposition purposes; and 

a sacrificial quartz plate Sirrounding ttte aisceptor and positioned adjacent both the downstream 
and upstream edges, the plate having an outer shape which conforms with the opening to protect the 
5 . downstream and upstream edges from devitrification from repeated thermal cycEng of the reaction chamber. 

78. The apparatus of Claim 75, including a circular temperature compensation rmg surrounding the 
susceptor, wherein the sacrificial quartz piate has an mner diameter which closely conforms with the outer diameter 
of the ring. 

77. The apparatus of Claim 75, wherein the opaiing has a rounded rectangular shape and the 
ID sacrificial quartz plate has an outer shape which ctesely conforms to the opening with a minimum of clearance 

therebetween. 

78. The apparatus of Claim 75< mchiding support elements attached to the inlet and outiet walls for 
supporting the sacrificial quartz pbte. 

79. A method for use in connection with a chemical vapor deposition chamber having a quartz 
15 horizontal inlet waD with a downstream edge defining a portion of an opening in which is positioned a horizontally- 
extending susceptor adapted to receive a substrate for purposes of chemical vapor deposition, tte method comprising 
the step of positionmg a sacrificial quartz pbte between the downstream edge of said tnlat wall and saU susceptor 
to minimize the vapor deposition on, and the devitrification of, the downstream edge of the inlet waB. 

80. The method of Claim 79, including the step of surrounding the susceptor with a temperature 
20 compensation ring a portion of which extends between the susceptor and the downstream edge of said miet wall. 

81. The method of Claim 80, inchiding the step of positioning a vertical of said sacrificial plate in 
a gap between the temperature compensatkin ring and the downstream edge of the inlet walL 

82. The method of Claim 81, including the step of providing a short horizontally extending flange on 
the upper edge of said vertical lip with the flange extending upstream over the downstream edge of said inlet wall. 

25 83. An apparatus for processing semiconductor substrates, comprising: 

a pair of curved walls each havmg a convex exterior surface and a concave mterior surface with 
the concave surfaces facing each other; 

connector walls joining edges of said curved walls to create an interior space; and 
a generaOy rectangular plate extending between and affixed to said connector walls to resist 
30 flattening deformation of said curved walls when the curved walls are subjected to an external pressure 

greater than pressure within the space. 

84. A method of improving the wafer heating efficiency of a chenrical vapor deposition chamber, the 
chamber havmg substantially radiation transparent outer waDs defining a gas inlet and a gas outlet, and being sized 
to enclose a susceptor on which a wafer can be positioned between the inlet and outlet, the method comprising the 
35 steps of: 
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surrounding tha susceptor with a heat-absorbmit ring having an outer generaHy rectangular 
perimeter including straight sides, the ring being constructed such that the susceptor is positiormd off-center 
within the perimeter toward the gas inlet; and 

raifiating heat energy from a plurality of lamps in a bank sized to approximately conform to the 
projected ^ape of said perimeter so that substantially ad of the energy radiated directly into the chamber 
impinges on the area within said perimeter and is absorbed by the wafer, susceptor and ring structure. 
85. The method of Claim 84, wherein the outer walls of the chemical vapor deposition chamber include 
a pair of curved wails each having a convex exterior surface and a concave interior surface with the concave 
surfaces facing each other, and connector walb joining edges of said curved walls to create an interior space within 
which tha wafer on the susceptor is positioned, the method further inchiding the step of: 

positioning the ring within an openmg in a generally rectangular plate extending between and 
affixed to said connector, walls. 

8B. The method of Claim 84, mcludlna tha steps of: concentrically positioning the 

susceptor within an annular portion of 
the ring defining a circular opening; and 
locating a temperature sensor on the annular portion of the ring; and 
sensing the temperature at a peripheral edge of the susceptor with tha sensor. 

87. A chemical vapor deposition epparatus, comprising: 

a chamber having an area for horizontal positioning of a substrate, and having chamber waOs for 
conductmg a flow of gas across an upper surface of the substrate, said chamber having a gas inlet 
extending generally laterally across the width of the chamber; and 

a gas injector including a plurality of gas supply passages, a gas inlet manifold connected to each 
of said passages, a separately adjustable metering valve controlling flow through each of said passages, 
each of said passages having an outlet portion configured to cause the gas flow through the passage to 
dhrerge laterally into a generally flat gas streem separated from edjacent streams, said injector further 
inchiding walls that direct the gas streams m edge-to-edge relation towards said chamber gas inlet without 
partitions between the streams so that an edge of any one stream can mix with at least one edge of an 
adjacent stream. 

88. The apparatus of Claim 87, wherein said injector includes an opening through which a substrate 
may be mserted into said chamber, and wherein said gas streems enter said chamber through the wafer insertion 
opening. 

89. The apparatus of Claim 87, wherein said fa^ector walls form an outlet slit that extends laterally 
to produce a ribbon of gas flow that enters said chamber and flows across said substrate. 

90. The apparatus of Clabn 89, wherein said gas outiet slit opens mto said substrate insertion opening. 
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91. The apparatus of Ciatm B7, wherein said passages are vertically oriented and are spaced tateraOy 
from each other, and said outlet portion of each of said passages is configured to direct the gas flow away from 
the chamber inlet, and said waDs th^ direct the gas flow downwardly and towards the chamber inlet. 

9Z The eppvatus of Claim 91, wherein said injector includes a rearward section sandwiched between 
5 a forward section and a forward surface of said chember, whh said passes being formed in saU rearward section, 
and the wells directing the gas fbw are formed in said forward section of said injector. 

93. The apparatus of Claim 92, wherein said forward section inchides a lip that protrudes beneath 
and B ckisely spaced below a portion of said rearward injector section to def'me a thin, laterally extending sfit 
through which said gas flows toward said chamber. 
10 94. The apparatus of Claim 93, wherein said injector inchides an opening through which substrates 

are inserted mto said chamber, with said sGt leading to saM opening. 

95. The apparatus of Claim 94, where'm said slit directs the gas flow towards smd chamber and the 
substrate positioned therein. 

96. A method of injecting a gas fbw over a substrate in a chemical vapor deposition apparatus to 
15 improve uniformity of deposition, the apparatus inchiding a chamber having an area for horizontal positioning of the 

substrate and chamber walls for conducting the gas flow across an uppo^ surface of the substrata, sahl chancer 
having a gas inlat extending generally laterally across the width of the chamber; and, the method compriang the 
steps of: 

providing gas from a common source to a phirality of vah^es in a gas injector position adjacent 
20 the gas bdet; 

metering the gas through the vah^es into a plurality of gas passages; 
directing the gas Into expanaon chambers connected to each of said passages, to causa the gas 
to dhferge laterally into generally flat gas streams separated from adjacent streams; and 

expelling the gas streams in edge*to-edge retatron towards said chamber gas inlet without 
25 partitions between the streams so that an edge of any one stream can mix with at least one edge of an 

adjacent stream. 

97. The method of Claim 96, wherein said step of directing comprises turning the gas at least 90® 
before said step of expelfing. 

96. The method of Claim 97, wherein the gas injector passages are arranged vertically and said step 
30 of directing comprises turning the gas approximatety OO'* to ftow away from said chamber and turning the gas 
approximately 180** to flow generally toward the chamber prior to said step of expelling. 

99. The method of Claim 96, wherein said step of expelling comprises expelling the gas streams 
through sGts narrower than said chambers to form a continuous ribbon of gas to said chamber. 

1 00. The method of Claim 96, further including the step of confmmg said edge-to-edge gas stre»ns from 
35 substantially expanding for a predetermined distance between said gas injector and said substrate. 
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101. The mathod of Claen 1(K). wherem said step of confining mcludas convergmg said edge-to-edge 
gas streams from a fait wntth to a second, smaller width. 
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